The aim of this paper is to estimate heritabilities and to compare data transformation methods and models for Hungarian Sporthorse show jumping results. The analysis is based on data collected between 1996 and 2005. The linear animal model included fixed effects of gender, breeder, rider, age, and start (coded as year of competition, type of competition and height of obstacle). Square root, cubic and fourth roots, Blom score and cotangent transformed ranks were used as measurements of performance. Difference the height of the obstacle and fault points, height of the obstacle and height of the obstacle and fault point were also used as performance traits.
Introduction
Different methods have been utilized for the evaluation of performance events in sport horses. KOENEN (2002) reported about testing and genetic evaluation of sport horses from an international perspective. The evaluation of such results is difficult because performance frequently is evaluated subjectively, may be a function of a number of other traits and may not be normally distributed. In youngest time the influence of different effects to racing traits was investigated and genetic parameters of these traits was estimated by several authors (ROEHE et al. 2001 , DIETL et al. 2005 , EKIZ et al. 2005 , POSTA et al. 2007 . As VON LENGERKEN and SCHWARK (2002) concluded, jumping performance has to be considered as a complex selection trait in riding horse breeding. Log (TAVERNIER 1988) and square root (TAVERNIER 1990) transformations have been utilized in evaluations based on total earnings. Because earnings might also be related to the difficulty and prestige of a sport event, breeding value estimation is based on mathematical transformations of earnings ranks in some countries. The rankings of horses were transformed to create a normally distributed variable using the Blom score for sport horses for Irish (FORAN et al. 1995) and Belgian Sporthorse (JANSSENS et al. 1997 ) populations. JAITNER et al. (2005 used sales prices from auctions as a performance trait for evaluation. There is a substantial German literature on genetic parameters of various performance traits of the horse (BUGISLAUS et al. 2004) .
There were some studies for breeding value estimation in Hungary also. BODÓ (1976) reported heritability of racing performance, and HECKER (1980) evaluated sires based upon scores in show jumping events of their offspring. The OMMI (National Institute for Agricultural Quality Control) published breeding values of sires based on the racing results of their offspring (NÉMETH 1993) . BOKOR et al. (2006) estimated the heritability of a combination of earnings and ranking within the Hungarian Thoroughbred population.
The overall objective of the present work was to estimate heritabilities of show jumping results of Hungarian Sporthorses when records were subjected to a variety of statistical transformations. Results may allow enhancement of breeding value estimation procedures.
Material and methods
The data used for analysis were obtained from the Hungarian Equestrian Federation and consisted of records of faults, times, final placing and points for each horse in every show jumping competition that took place during the period 1996 through 2005 in Hungary. Records of a horse were taken into account only if its two or more generation pedigree was documented in the Hungarian Sporthorse Studbook. After filtering, 22 860 records were left for the analysis.
Rankings of sport races are not normally distributed but approximate an exponential distribution as illustrated in Figure 1a . Consequently, so ranking should be used for breeding value estimation only after an appropriate mathematical transformation. 
Model selection
For the evaluation of show jumping, several scores were created using different criteria and transformations and analyzed those scores with different models. Square root (1st measure), cubic root (2nd measure) and fourth root (3rd measure) can be considered as normally distributed scales (TAVERNIER 1990 ) and may therefore be appropriate for evaluation. As a 4th measure, we used normalized ranks from the Blom method, as described by FORAN et al. (1995) in the Irish Sporthorse population. With this method, higher ranking individuals in a competition receive positive scores, average performers receive a score of zero and the horses with poor performance ranked at the bottom of the competition receive negative scores. Scores varied in the range of −2.535 and 2.359. Further models were investigated. In the 5th measure, the cotangent function was used to transform ranking. After the transformation of rankings, this scale had higher deviations than from the Blom method, which may accentuate performance differences among horses.
In addition to scales based on rankings, we used other measurements to evaluate performance. The height of the obstacle was used to define these further scales. The 6th measure was defined as the difference between the height of the obstacle and the number of fault points. Comparison of the performance of horses might be easier with this scale. Our 7th measure was the height of the obstacle. In the case of this scale, fault point was in the model as a random effect. Finally, in the 8th measure, height of the obstacle and fault point were each used as traits in the model. Distributions of transformed rankings and further scales are shown in Figure 1b-1i .
Each case was evaluated with two models in which the level of significance for each fixed effect was determined using SAS PROC GLM (SAS INSTITUTE 1999) . In the first model, gender, breeder, rider, age and start were taken into account as fixed effects, while permanent environment effect was taken into account as a random effect. In the second model, start was considered as a random effect because it had 4 000 levels.
Goodness-of-fit of the models
The goodness-of-fit of these models was assessed by using the log-likelihood value and Akaike's information criterion (AIC) (AKAIKE 1973) . AIC was calculated as follows: 2 log(maximum likelihood) 2 log(number of model parameters)
The model with the highest log-likelihood value and the lowest AIC was considered as the best fitting model for show jumping performance traits.
Estimation of genetic parameters
Variance components and standard errors were estimated with an animal model and a repeatability animal model using the REML with VCE-5 (KOVAC and GROENEVELD 2003) software package.
Results

Goodness-of-fit of the models
Log-likelihood values and the AIC for different models are presented in Table 1 . Log-likelihood values did not converge for the seventh and eighth measures, so these models were the most poorly fitted. A small log-likelihood value was found for the 6th measure; whereas higher log-likelihood values were found for the 4th and 5th measures. Similar to results from log-likelihood values, AIC was the lowest in the case of the 6th measure. The fourth and the 5th measures had the highest AIC values. These results were equally valid when start was considered a fixed or as a random effect in the model. 
Estimation of genetic parameters
Heritabilities estimated with an animal model were in the range of 0.10 to 0.25 (Table 2) : whereas estimated heritabilities from the repeatability animal model were under 0.10 for each trait. Repeatabilities tended to be higher when start was considered a random rather than a fixed effect.
Discussion
Goodness-of-fit of the models
Using Akaike's information criterion (AIC) random regression models were evaluated by BUGISLAUS et al. (2006) . As shown in Table 1 , our 5th measure (cotangent transformation) with start as a fixed effect fitted best to show jumping competition results. Using this model, genetic value of the Hungarian Sporthorse population could be relatively best estimated. Fixed effects of gender, breeder, rider, age and start, and the random permanent environmental effect should be taken into account during breeding value estimation.
Estimation of genetic parameters
Heritabilities estimated with an animal model were similar to those of HUIZINGA and van der MEIJ (1989) on Dutch Warmblood horses (h 2 =0.20). Heritabilities based on rankings were similar to those of BRUNS (1981) (between 0.14 and 0.20). WALLIN et al. (2003) reported h 2 =0.27 based on rankings for Swedish Warmblood. This value was higher than the present estimations for Hungarian Sporthorses.
Heritabilities estimated with a repeatability animal model were similar to those of JANSSENS et al. (1997) (between 0.02 and 0.09) and FORAN et al. (1995) (h 2 =0.08). Heritability was estimated on Blom score for both of those studies.
Heritabilities estimated with an animal model were higher than those estimated with a repeatability animal model. The main reason of this effect is that in the repeatability animal model permanent environmental effect is taken into account.
Repeatabilities were higher in results than in FORAN et al. (1995) , in which start was considered a fixed effect but a little smaller when start was considered random. 
